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SUMMARY 

The present  paper  contains  the  data  of an investigation  of  the 
e f f ec t  of  curved  speed  brakes on the  drag  characterist ics and  on the 
long i tud ina l   s t ab i l i t y  and control   character is t ics  of  a l/lO-scale model 
of  the MX-1554A airplane  redesigned  to  incorporate a c i rculax  je t   nozzle .  
The r e su l t s  of two previous  investigations  of  the MX-1554A with a rec- 
tangular  nozzle and flat-plate-type  speed  brakes  are  reported  in NACA 
R " S  SL53AO5 and SL53K25.  The speed  brakes were tes ted   a t   severa l   def lec-  
t i ons ,  gaps, and locations on the  landing  configuration and on the  clean 
configuration. Also included  in   this   paper   are   the  resul ts   of  a short  
l a t e r a l -  and directional-stability  study  undertaken  because  of  the 
reduct ion   in   ver t ica l  t a i l  area from that   u t i l ized  in   the  previous 
investigations . 

INTRODUCTION 

An investigation w a s  made in   t he  Langley 300 MPH 7- by 10-foot tun- 
n e l   t o  determine  the low-speed drag and long i tud ina l   s t ab i l i t y  and  con- 
t r o l   c h a r a c t e r i s t i c s  of  a  modified  version  of  the  l/lO-scale model of  the 
MX-1534A airplane  with  speed  brakes. The investigation  reported  herein 
is one of severa l   tha t  have  been performed for the  U. S. A i r  Force on 
the MX-1554A project .  For this   invest igat ion  the  fuselage had been  rede- 
signed  to  incorporate a circular  jet  nozzle,  curved  speed  brakes,  and a 
new v e r t i c a l  ta i l .  The r e s u l t s  of previous  investigations of the model 
with a rectangular  jet  nozzle,  flat-plate-type  speed  brakes, and a larger 
v e r t i c a l  t a i l  axe reported  in  references 1 and 2. 
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The present  paper  contains  the  results  of  an  investigation  of  speed- 
brake  effectiveness on the  drag  character is t ics  and  on the  longitudinal 
s t a b i l i t y  and control   for   the  brakes  a t   several   def lect ions,   locat ions,  
and gaps. The invest igat ion w a s  performed for  the  clean  configuration, 
the  landing  configuration,  and  the  landing  configuration  in  the  presence 
of a ground board. Also included  are  the  results  of a shor t   l a te ra l -  and 
directional-stabil i ty  investigation  undertaken  to  determine  the  charac- 
t e r i s t i c s  of  the  modified  vertical t a i l .  

All data a re   r e f e r r ed   t o   t he   s t ab i l i t y  axes as indica ted   in   f ig -  
ure 1. A point  of 35 percent of the wing mean aerodynamic  chord was 
used as center  of moments. The symbols used i n  t h i s  paper  are  defined 
as follows : 

CX longitudinal-force  coefficient,  X/qS 

la te ra l - force   coef f ic ien t ,  Y/qS 

c2 rolling-moment coeff ic ient ,  L/qSb 

Cm pitching-moment coeff ic ient ,  M/qSF 

Cn yawing-moment coeff ic ient ,  N/qSb 

X longitudinal  force  along X-axis, l b  

Y la te ra l   force   a long  Y-axis, l b  

Z force  along  Z-axis ( l i f t  equals -Z), l b  

L r o l l i n g  moment about  X-axis, f t - l b  

M pi tching moment about  Y-axis, f t - l b  

N yawing moment about 

9 free-stream dynamic 

Z-axis, f t - l b  

pressure, - pv2, lb/sq f t  
2 
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wing area, sq f t  

wing mean aerodynamic chord, f t  

wing span, f t  

free-stream  velocity,   f t /sec 

mass density of air, slugs/cu f t  

angle  of  attack of fuselage  reference  l ine,  deg 

angle  of  incidence  of  horizontal   stabil izer  with  respect  to 
fuselage  reference  line,  deg 

control-surface  deflection  in a plane  perpendicular  to  hinge 
l ine ,  deg 

angle  of  sideslip, deg 

Subscripts: 

f f l a p  

SB speed  brake 

APPARATUS AND METHODS 

The model used in   the  present   invest igat ion was a l / l0 -sca le   mdel  
of the MX-1554A airplane  with a circular  nozzle  design. The wing and 
s tabi l iz ing  surfaces  had triangular  plan forms with a small amount of 
sweepback of t h e   t r a i l i n g  edges. The physical   character is t ics  of the  
model are  presented  in  f igure  2.  The hor izonta l   s tab i l izer  was con- 
s t ruc t ed   w i th   f i t t i ngs   t o   a l l ow a range of incide,nces t o  be tes ted .  The 
location  of  the  pivot was 47 percent of the  mean aerodynamic chord of 
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the  exposed  panel. The model of  the  present  investigation  differs from 
that   of   reference 2 as follows: 

(1) The v e r t i c a l  t a i l  had 19 percent   less   area and the  sweep angle 
was changed  from 650 t o  62.50 at the  leading edge  and  from 25O t o  l5O 
at  t h e   t r a i l i n g  edge ( f ig .   2 . )  

(2) The fuselage was redesigned  rearward  of  station 39.75. Instead 
of a maximum width  (plan view f i g .  2) of 5 inches as was on the  previous 
model, the  fuselage  increased  in  width  rearward  of  station 39.75 t o  a 
maximum of 5.86 inches at approximately  station 80 and then  tapered  off 
t o  a circular   sect ion  of  5 inches  in   diameter   a t   s ta t ion 87.6. (Stat ion 0 
was loca ted   a t   the  nose  of the  fuselage and s t a t ion  87.6 was at the  rear . )  

(3) The speed  brakes were redesigned  to a shape similar t o   t h a t  of 
the  external  shape  of  the  fuselage  in  the  vicinity  of  the speed-brake 
locat ion.  The  same speed  brakes were used i n   t h e  forward and rearward 
posit ions.  (The de ta i l s   a re   g iven   in   f ig .  3.) 

Photographs  of the model mounted in   the   tunnel   in   the   l anding  con- 
f igura t ion   a re   g iven   in   f igure  4.  

The t e s t s  were run   in   the  Langley 300 MPH 7- by 10-foot  tunnel a t  
a dynamic pressure  of  approximately 50 pounds per  square  foot  corre- 
sponding t o  a Mach number of 0.184 and a Reynolds number, based on a 
wing mean aerodynamic  chord  of 17.93 inches,  of 1,850,000. 

A ground  board was used f o r  some tes t s   to   s imula te   the   a i rp lane   in  
the  presence of the  ground. The relat ive  posi t ion  of   the model and the 
board is shown in   f i gu re  2. 

For both  the  f lap-retracted and flap-deflected ( 6f = ?Oo ) condi- 
tions,  the  speed  brakes were deflected  through  a  range of Oo t o  50° a t  
both  a  forward  and  rearward  location and with  gaps  between  the  brake 
and fuselage  of  0.30  inch and 0.60 inch. The angle-of-attack  range was 
-20 t o  220 except where the ground  board l imited  the  posit ive  range 
t o  120. The range  of  horizontal  stabilizer  incidence was from -150 t o  50. 
Lateral-stabil i ty  parameters were obtained from p i t ch   t e s t s   a t   ang le s  of 
s ides l ip  of 5 O  and -5'. 
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CORRECTIONS 

The angle  of  attack and drag have been  corrected  for  jet-boundary 
e f f ec t s  computed on the  basis of unswept wings by  the method of ref- 
erence 3 .  The correct ion  to   pi tching moment due to   t unne l  induced upwash 
a t  the t a i l  was found t o  be negligible.  

Tare  corrections from the model s ingle   support   s t rut  were not  applied 
t o   t h e   d a t a .  The r e l a t ive  magnitude  of these  corrections may be obtained 
from reference 2. 

The data  have  been corrected  for  the  effects  of  air-flow  misaline- 
ment and the  longitudinal  pressure  gradient  in  the  tunnel.  

PRESENTATION OF RESULTS 

Unless  otherwise  stated  in  the  legends  of  the  figures,  the model 
configuration  with  the  flaps  retracted  (clean  configuration) had the 
landing  gears  retracted and a l l  gear  doors  closed. With the   f laps  
deflected  (landing  configuration),  the main landing  gear and  nose gear 
were extended and the  landing  gear doors were closed  with  the  exception 
of  the  nose  gear  door. The wing had leading-edge  notches and fences 
( f i g .  2) f o r  a l l  configurat ions  except   for   the  la teral-s tabi l i ty   tes ts .  

In   o rde r   t o   f ac i l i t a t e   ea r l i e r   pub l i ca t ion  of t h i s  paper, no dis-  
cussion  or  conclusions have been  attempted. However, t h i s  paper  contains 
a l l  the  pertinent  results  of  the  investigation  of  the MX-1534A airplane 
with a circular   je t   nozzle  and the  resul ts   are   presented  in   the  fol lowing 
manner : 
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Figure 

Clean configuration : 

Effect  of  speed-brake  deflection: 
A t  constant t a i l  incidence and gap 

Forward position  of  brake . . . . . . . . . . . . . . . .  5(a) 
Reward  posi t ion  of   brake . . . . . . . . . . . . . . .  503) 

Effect  of  horizontal   stabil izer  incidence : 
A t  zero  brake  deflection . . . . . . . . . . . . . . . . .  
A t  constant  brake  deflection and gap 

6(a) 

Forward posi t ion . . . . . . . . . . . . . . . . . . . .  6(b) 
Rearward posi t ion . . . . . . . . . . . . . . . . . . . .  6(c)  

Landing configuration  (without ground  board) : 
Effect  of  speed-brake  deflection: 

Effect  of  horizontal   stabil izer  incidence: 
A t  several  brake  deflections and gaps 

A t  constant  brake  deflection and two gaps 

A t  constant t a i l  incidence and brake  position . . . . . . . . .  7 

Forward posi t ion . . . . . . . . . . . . . . . . . . . . . .  8 

Rearward posi t ion . . . . . . . . . . . . . . . . . . . . . .  9 
Effect  of  speed-brake  perforations: 

A t  constant  brake  deflection and  gap 
Forward posi t ion . . . . . . . . . . . . . . . . . . . . .  10 

Effect  of  reversing  speed  brake: 
A t  constant  brake  deflection and  gap 

Rearward posi t ion . . . . . . . . . . . . . . . . . . . . .  11 

Landing configuration  (with ground board): 

A t  constant t a i l  incidence and  gap 
Effect  of  speed-brake  deflection: 

Forward posi t ion . . . . . . . . . . . . . . . . . . . .  12( a )  
Rearward posi t ion . . . . . . . . . . . . . . . . . . . .  U ( b )  

A t  zero  brake  deflection . . . . . . . . . . . . . . . . .  l3(a) 
A t  constant  brake  defJection and  gap 

Rearward posi t ion . . . . . . . . . . . . . . . . . . . .  l3 (b)  

A t  constant  deflection and two gaps and t a i l  incidences . . .  14 

Effect  of  horizontal  stabilizer  incidence: 

Effect  of  speed-brake  position: 
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Latera l   charac te r i s t ics :  

Stabil i ty  parameters : 

Plain wing (no  notches or  fences) . . . . . . . . . . . . . . . 15 

Langley  Aeronautical  Laboratory, 
National  Advisory Committee for  Aeronautics, 

Langley  Field, Va., December 4, 1953. 

/ Martin Solomon 
4 C r o n a u t i c a l  Research Sc ien t i s t  

Approved : 
Thomas A. Harris 

Chief of S t a b i l i t y  Research  Division 

DRY 
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Figure 1.- System  of  axes  and  control-surface  deflections.  Positive 
directions  of  forces,  moments,  and  angles  are  indicated  by  arrows. 
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Figure 2.- Three-view  drawing of the MX-1554A model  tested. All dimensions 
in inches unless otherwise  noted. 
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Figure 3.- Drawings of the speed brakes tested. A l l  dimensions in inches 
unless  otherwise  noted. 



L-80943 
Figure 4 .- The MX-1554A model  mounted on the  single  support  strut  in  the 

Langley 300 MPH 7- by 10-foot  tunnel.  Landing  configuration; = 50 0 ; 
6sB = 40'; rearward  position;  gap, 0 3 0  inch. 
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Figure 4.- Concluded. L-80942 
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(a)  Forward  position of brake. 

Figure 5.- The  effect of speed-brake  deflection on the  aerodynamic  charac- 
teristics  in  pitch.  Clean  configuration; Ef = Oo; it = 5 O ;  gap, 0.30 inch. 
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(b) Rearward posit ion of brake. 

Figure 5.- Concluded. 



NACA RM SL53L24 

(a) 6SB = oO. 

Figure 6.- The  effect of horizontal  stabilizer  incidence  on  the  aerodynamic 
characteristics  in  pitch.  Clean  configuration; 6f = Oo. 

.- -. + 
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(b) 6SB = 40°; forward  position; gap, 0.30 inch. 

Figure 6.- Continued. 

-. 
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( c )  6sB = 40°; rearward position; gap, 0.30 inch. 

Figure 6.- Concluded. 
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Figure 7.- The effect of speed-brake deflection on the  aerodynamic 
characteristics in pitch. Landing configuration; 6f = 50'; 
it = -15O; brake position rearward; gap, 0.30 inch. 
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Figure 7.- Concluded. 
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Figure 8.- The  effect of horizontal  stabilizer  incidence on the  aerodynamic 
characteristics  in  pftch.  Landing  configuration; 6f = 50'. 
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(a) Concluded. 

Figure 8.- Continued. 
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(b) tjSB = 30'; forward  position; gap, 0.30 inch. 

Figure 8.- Continued. 
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Figure 8.- Continued. 
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(e) 6SB = 40°; forward  position; gap, 0.30 inch- 

Figure 8.- Continued. - 
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(c) Concluded. 

Figure 8.- Continued. 
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(a) gSB = 40'; forward  position; gap, 0.60 inch. 

Figure 8.- Continued. - 
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(d)  Concluded. 

Figure 8.- Continued. 
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( e )  6SB = 50 0 ; forward position; gap, 0.30 inch. 

Figure 8.- Continued. 
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(e)  Concluded. 

Figure 8.- Concluded. 
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(a) Gap, 0.30 inch. 

Figure 9.- The effect  of horizontal stabilizer  incidence  on the aerodynamic 
characteristics in pitch. Landing configuration; 6f = 50'; 6 s ~  = 40'; 
brake position rearward. 
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(a) Concluded. 

Figure 9.- Continued. 
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(b) Gap, 0.60 inch. 

Figure 9.- Continued. 
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(b) Concluded. 

Figure 9.- Concluded. 
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Figure 10.- The effect of speed-brake perforations on the aerodynamic 
characteristics in  pitch. Landing configuration; 6f = 30°; it = 0'; 

6sB = 40°; brake position forward; gap, 0.60 inch. 
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Figure 10.- Concluded. 
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Figure 11.- The ef fec t  of  reversing  the  brake on the aerodynamic charac- 
t e r i s t i c s   i n   p i t c h .  Landing configuration; = 50'; it = -15'; 
tjSB = 40'; brake  position  rearward; gap, 0.30 inch. 
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Figure 11.- Concluded. - 
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(a) Forward position of  brake. 
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(b) R e a r w a r d  posi t ion of brake. 

Figure 12.- Concluded. 
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(a) 6SB = oO. 

Figure 13.- The effect of horizontal stabilizer  incidence on the aerodynamic 
characteristics in pitch in the-presence of a ground board. Landing 
configuration; 6f = 50°. 
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(b) 6SB = 40'; rearrwasd position; gap, 0.30 inch. 

Figure 1.3.- Concluded. 
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(a) it = do; gap, 0.30 inch. 

Figure 14.- The  effect of speed-brake position on  the  aerodynamic  charac- 
teristics in pitch in the presence of a ground board. Landing 
configuration; 6f = 50'; 6sB = 40'. 
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(b) it = -15'; gap, 0.60 inch. 

Figure 14.- Concluded. 
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